Amnion rupture sequence (ARS) is associated with amputations and often with compression and constriction deformities.
Amnion rupture sequence (ARS) is associated with amputations and often with compression and constriction deformities. 1 Bands of amnion can also attach to the head, causing congenital torticollis. 2 We describe the case of a premature infant with ARS and congenital airway obstruction. The infant had large, hyperechoic lungs and massive ascites diagnosed prenatally, suggestive of high airway obstruction. This case might represent a novel and causative association between ARS and congenital high-airway obstruction syndrome (CHAOS). 3 
CASE REPORT
The maternal history was significant for two normal term pregnancies in 1979 and 1980, borderline hypertension, gestational diabetes, cigarette smoking, and positive screens for amphetamine and methamphetamine. The prenatal course was significant for suspected premature spontaneous rupture of membranes as early as 12 weeks' gestation. An ultrasound examination at that time showed fetal size consistent with dates and did not note any fetal anomalies. The mother continued to complain of intermittent fluid per vagina at 24 weeks' gestation and an ultrasound examination at that time demonstrated multiple abnormalities ( Figure  1 ). Essentially, no amniotic fluid was seen, and the tense ascites fluid was observed to compress intraabdominal structures posteriorly. The lungs were abnormally large and echogenic and were seen to downwardly displace and invert the hemidiaphragms. Other findings included apparently normal kidneys and massive skin edema. The diagnosis of CHAOS was suspected.
Two weeks later, the mother was admitted complaining of recurrent leakage of pink-tinged fluid per vagina and uterine
contractions. An ultrasound study revealed an anterior placenta, and a female infant was delivered by cesarean section at ϳ26 and 4/7 weeks' gestation. On exposure of the infant, an initial paracentesis was performed to deliver the infant's abdomen and allow subsequent extraction to proceed. The umbilical cord was not clamped, and the placenta remained attached to the uterine wall. Examination of the placenta confirmed the presence of amniotic bands (Figure 2a) , and the cord continued to pulsate for close to 2 to 3 minutes. At birth, a surgeon attempted to secure an airway and a neonatologist performed a second paracentesis to remove an additional 500 ml of ascitic fluid. An airway was not obtainable with either a rigid bronchoscope or by emergent tracheostomy, and ventilation was not possible. Distant heart tones were auscultated at 30 to 40 beats per minute initially, and the infant was given Apgars of 1, 1, and 1 at 1, 5, and 10 minutes, respectively. Resuscitation attempts continued for ϳ15 minutes after delivery. The infant's extrauterine life lasted ϳ75 minutes.
Initial inspection of the infant revealed massive ascites, even after the initial 500 ml had been drained, a left forearm amputation (Figure 2b) , and compression deformations of the skull, face, right hand, and lower extremities. The neck was bent to the right, the skin of the left neck was stretched, and the skin of the right neck was wrinkled and redundant ( Figure 2b ). Other findings included outward displacement and thinning of the ribs, a flattened diaphragm, and a transverse liver (Figure 2c ). The upper airway was not in communication with the lungs, and no tracheoesophageal fistula was identified ( Figure 2, d-f ). Approximately 1 cm below the larynx, the trachea was seen to narrow and vanish. The lungs were enlarged (153 gm;
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normal ϭ 22 gm), and showed indentations corresponding to the ribs ( Figure 2 , c-f). The right and left mainstem bronchi were in communication and were devoid of cartilage; however, the distal trachea was absent ( Figure 2 , e-f). Patency of the airways of the lungs was demonstrated with radiographic contrast dye and methylene blue (not shown). The great vessels were normally configured, and the ductus arteriosus was patent. The abdominal structures were remarkable for compression of the inferior vena cava, a transverse and enlarged liver (95 gm; normal ϭ 45 gm), and duplication of the left ureter. Examination of tracheal cartilage revealed multiple abnormalities. In the upper trachea, complete cartilaginous rings were observed ( Figure 3A ). More distal sections revealed progressive diminution and eventual disappearance of the tracheal lumen, with loss of tracheal cartilage and epithelium ( Figure 3B ). Abnormal overlap of developing cartilage at the midline provided evidence of compression during development.
Microscopic examination of the lungs revealed distended alveoli suggestive of disproportionate maturity ( Figure 3C ) when compared with an age-matched control ( Figure 3D ). Therefore, we examined two developmentally regulated proteins specific to pulmonary epithelium, surfactant protein B and Clara cell secretory protein 1, to test the hypothesis that this infant's enlarged lungs had also undergone accelerated development. Immunolabeling for surfactant in the agematched control case showed discrete granular labeling in the alveoli ( Figure 3E ); in contrast, immunocytochemistry for Clara cells in the age-matched control demonstrated immunopositive cells in the bronchial epithelium ( Figure 3F ). Immunocytochemistry for surfactant in the present case with airway obstruction showed abundant accumulation of immunopositive material in the alveoli ( Figure 3G ), whereas immunostaining for Clara cells in the case with airway obstruction demonstrated immunopositive cells in the bronchial epithelium (Figure 3H) .
The placenta was immature and had multiple abnormalities in addition to the grossly identified amniotic bands (Figure 2a ). An old retroplacental hematoma was identified grossly. Microscopically, many small fetal vessels were seen to be obliterated, and there were many areas of associated sclerotic villi. The unusual finding of "chorion nodosum" was seen in conjunction with amnion nodosum. Acute inflammation of the decidua, chorion, amnion, umbilical cord, and blood vessels was seen, as was villous edema (not shown). Cytogenetic analysis showed a normal female karyotype.
DISCUSSION
This case presented with ARS accompanied by torticollis and congenital high airway obstruction. Oligohydramnios with subsequent restricted posture may have contributed to the underlying pathophysiology of torticollis in this case, which previously has been noted to be associated with in utero positional constraint and as a possible sequela of traumatic vaginal breech delivery. 2 The atraumatic cesarean delivery of this infant points to in utero development of torticollis.
Ultrasound and postmortem findings were consistent with a diagnosis of CHAOS. 3, 4 The etiology of the failed midline fusion and distal tracheal agenesis may be related to compression of the neck, preventing the normal midline union of tracheal cartilage and inter- rupting normal development of the distal trachea. Agenesis of the trachea 5, 6 is one possible etiology for CHAOS; others include laryngeal atresia 7 and tracheal stenosis. The predictable constellation of findings includes large echogenic lungs, flattened or inverted diaphragms, dilated airways distal to the obstruction, and fetal ascites and/or hydrops. 8 Grossly enlarged lungs have been reported previously in association with complete obstruction of the lungs, 9 and contrasted with normal-sized lungs in cases in which a fistula or tract allowing escape of pulmonary secretions was identified.
Because the microscopic examination of the lungs revealed evidence of disproportionate maturity, we examined the patterns of expression of two developmentally regulated specific proteins of the pulmonary epithelium. Immunostaining for developmentally related antigens can provide a measure of maturity of various organs. 10 The developmentally regulated Clara cell secretory proteins were seen as diffuse positive staining throughout the lung parenchyma, consistent with complete isolation of the lung from the dilutional effect of the surrounding fluid and concentration of these antigens in the pulmonary sac. A previous study of lung maturation in laryngeal atresia noted a marked increase in surface area and lung volume for age, associated with an increase in alveolar number and an apparent advance in elastin maturation, but little increase in cell population as measured by lung DNA content, giving further support to the importance of lung liquid retention for normal fetal lung growth and suggesting that overdistention with lung liquid appears to promote alveolar development by redistribution of cells rather than an increase in cell population. 11, 12 In summary, this case illustrates an unusual association between ARS and tracheal disruption. The sequence of events leading to the complex set of abnormalities found in this case is difficult to determine. However, it is likely that the initial rupture of membranes at ϳ12 weeks' gestation probably led to amputation of the left forearm; entrapment of the head near the shoulder compressing the development of the trachea, causing midline disruption, and compromising the vascular supply; and tropic influences of the distal trachea. The loss of normal proximal development of the airway, in combination with positional constraints or vascular compromise, may have led to the atrophy of the lower trachea and the loss of an outflow tract for lung secretions. This in turn led to the large, hyperechoic lungs characteristic of CHAOS and to the large alveolar spaces assessed microscopically. Expansion of the lungs also led to increased intrathoracic pressure, seen as outward displacement and thinning of the ribs, flattening of the diaphragm, and compression of the inferior vena cava. Massive ascites and anasarca followed the impaired venous return. We believe that this case represents a novel and causative association between amniotic band syndrome and CHAOS.
